A MPA receptors (AMPARs) are tetramers in their physiologic form, with GluA1 being one of the more important regulatory subunits (1) . Synaptic plasticity frequently is mediated by activation of NMDA receptors (NMDARs), which can modulate surface expression and single-channel conductance of AMPARs during the early phase of long-term potentiation (LTP) (1, 2) . Phosphorylation of S831 of GluA1 mediates such plasticity, as phosphorylation of this site increases during LTP (3, 4) , and mutant mice overexpressing a phosphomimetic S831D mutation display enhanced AMPAR conductance and LTP (5, 6) .
Mechanisms whereby NMDAR transmission augments AMPAR conductance have been unclear. NMDAR activation leads to calcium entry, which stimulates catalytic activity of neuronal nitric oxide synthase (nNOS) (7, 8) . NO (nitric oxide) signals by activating guanylate cyclase, and by S-nitrosylating cysteines of many target proteins (9, 10) . NO regulates AMPARs by targeting AMPARinteracting proteins that determine receptor surface expression. Thus, physiologic S-nitrosylation of NSF (N-ethylmaleimide sensitive factor) elicits enhanced surface expression of GluA2 (11) . Transmembrane AMPAR regulatory proteins are prominent auxiliary proteins for AMPARs, with stargazin being the best characterized (12) . NMDAR transmission triggers S-nitrosylation of stargazin, which increases surface expression of GluA1 (13) .
The surface expression of AMPARs that determines synaptic plasticity is regulated by endocytosis because inhibitors of endocytosis block AMPAR removal from the plasma membrane, resulting in increased surface expression of AMPARs and long term depression (LTD) (14) . Although NO has been implicated in regulation of protein endocytosis (15) , its role in regulating AMPAR endocytosis is unknown.
In the present study, we show that GluA1 is physiologically S-nitrosylated under basal conditions, with increased nitrosylation upon NMDAR stimulation. Moreover, the NMDAR-dependent phosphorylation of GluA1-S831 is regulated by endogenous NO, which acts by S-nitrosylating GluA1-C875. These events regulate single-channel conductance of GluA1, as the increase of such conductance by phosphorylation is markedly slowed in GluA1-C875S mutants. Endocytosis of AMPAR also is regulated by nitrosylation of GluA1-C875, because the C875S mutant of GluA1 reduces AMPAR endocytosis in neuronal cells and decreases binding to AP2 protein of the endocytotic machinery. Thus, a signaling pathway exists whereby NMDA transmission triggers S-nitrosylation of GluA1 to facilitate receptor phosphorylation and the phosphorylation-dependent increase in single-channel conductance. In addition, under conditions that induce endocytosis of the receptor, nitrosylation of GluA1 facilitates endocytosis via increased binding to AP2.
Results
In HEK293 cells overexpressing GluA1, the NO donor cysteine-NO elicits robust S-nitrosylation of GluA1 receptors (Fig. 1C) , suggesting that GluA1 can be nitrosylated. The intracellular, cytosolic portion of GluA1, which is the locus of multiple posttranslational modifications (1), contains three cysteines: C811, C825, and C875 (Fig. 1D) . Mutations of each of these cysteines reduces GluA1 S-nitrosylation in HEK293 cells constitutively overexpressing nNOS ( Fig. 1 A and B) , suggesting that all three potentially may be S-nitrosylated under endogenous conditions of NO generation. Nitrosylation of GluA1 seen in heterologous systems overexpressing both GluA1 and nNOS ( Fig. 1 A and B) might be higher than when the proteins are expressed under physiologic conditions. Endogenous GluA1 is physiologically Snitrosylated in intact brain, in both an nNOS-dependent and ascorbate-dependent manner ( Fig. 1 E and F) .
GluA1-S831 is phosphorylated by protein kinase C (PKC) and calmodulin-dependent protein kinase II (CaMKII) in vitro and in vivo (3, 16, 17) . We show that this phosphorylation is influenced by NO. Thus, phosphorylation of GluA1-S831 elicited by phorbol ester stimulation of PKC is markedly enhanced in HEK293 cells expressing nNOS (Fig. 2 C-E) . In basal HEK293 cells, the NO donor cysteine-NO enhances GluA1-S831 phosphorylation ( Fig. 2 A and B) , suggesting that NO in and of itself can increase phosphorylation of GluA1-S831 under basal conditions. GluA1-S831 phosphorylation is greatly reduced by mutating C875 and, to a lesser degree, C811 and C825 (Fig. 2 D and  E) . These data suggest that the main site of S-nitrosylation within the GluA1 C-terminal domain that regulates GluA1-S831 phosphorylation occurs at C875. Phosphorylation of GluA1-S831 by the phorbol ester PMA (phorbol myristyl acetate) increases at 5 and 10 min, time points at which the GluA1-C875S mutant has less phosphorylation (Fig. 2 F and G) .
Stimulation of GluA1-S831 phosphorylation requires endogenous NO. In neocortical neuronal cultures treated with NMDA, phosphorylation of GluA1 at S831 is reduced in nNOS knockout cultures ( Fig. 3 A and B) . NMDA treatment of neuronal cells in culture activates both synaptic and extrasynaptic NMDARs. However, treatment with glycine, which is a coagonist with glutamate at NMDARs, in conjunction with the GABA antagonist bicuculline, results in higher ambient levels of glutamate in the synaptic cleft (18) . The phosphorylation of GluA1-S831 under The authors declare no conflict of interest. 1 To whom correspondence should be addressed. E-mail: ssnyder@jhmi.edu.
the glycine/bicuculline treatment regimen is virtually abolished in nNOS knockout cultures ( Fig. 3 C and D) . Furthermore, the glycine/bicuculline treatment increases nitrosylation of GluA1 (Fig. 3E) . Although the effect of nNOS and NO on GluA1-S831 phosphorylation might be the result of effects on PKC or CaMKII, this possibility is unlikely because S-nitrosylation of these two enzymes reduces their activity (19) (20) (21) . Also, a role for guanylate cyclase in mediating the activating effects of NO on GluA1-S831 phosphorylation is unlikely because inhibition of cyclic guanylate kinase increases glycine-stimulated phosphorylation of GluA1-S831 (22) . Thus, GluA1 phosphorylation at S831 is enhanced by the physiologic generation of NO and subsequent S-nitrosylation of GluA1 at C875.
Phosphorylation of GluA1 at S831 increases apparent singlechannel conductance of GluA1 by enhancing the proportion of openings to higher conductance levels (1, 5) . We included purified, activated CaMKII in the intracellular recording solution to phosphorylate GluA1-S831. We chose to use CaMKII in these experiments for two reasons. First, CaMKII phosphorylation of GluA1 Ser831 and the functional effects thereof are well documented by many laboratories, whereas PKC phosphorylation of this residue is less studied (3, 5, 17, 18, 23) . There is a clear, robust, and reproducible effect of purified CaMKII on GluA1 Ser831 that we used in our laboratory previously and that we sought to take advantage of in patch-clamp experiments here. Furthermore, CaMKII has a clear role in LTP and is activated by NMDAR stimulation. Because we believe the relationship between C875S nitrosylation and Ser831 phosphorylation is important for synaptic plasticity and links NMDAR activation to AMPAR modulation, we chose to use CaMKII in these functional experiments.
HEK-nNOS cells expressing stargazin, protein kinase inhibitor (to inhibit endogenous PKA activity), and GluA1 wild-type (WT) and C875S mutant receptors were used in patch-clamp experiments. GluA1 also contained the L497Y mutation to inhibit receptor desensitization. Preventing desensitization allows slow washout of a maximally effective concentration of glutamate (1 mM) to produce a slowly changing current to which variance analysis may be applied (Fig. 4A) . Nonlinear least-squares fitting of these data to Eq. 1 (Materials and Methods) was used to determine the weighted mean conductance (γ MEAN ) for the recombinant GluA1 receptors (Fig. 4B) . Conductance measurements were collected every 2 min after outside-out patch excision for both GluA1 WT and GluA1-C875S receptors in the presence and absence of CaMKII (Fig. 4C) . Conductance of WT GluA1 is enhanced by CaMKII within 2 min of pulling the patch and remains high throughout the recording period. By contrast, the conductance of GluA1-C875S receptors increases slowly over the course of the recording (Fig. 4C) . Thus, the impact of the C875S mutation on GluA1 conductance is most apparent at early times. For example, 2 min after excising the membrane patch to allow purified CaMKII to access the intracellular surface of the membrane, the CaMKII-mediated conductance increase in WT GluA1 is maximal (160% of control). By contrast, no significant increase in conductance for the GluA1-C875S mutant is observed at 2 min (Fig. 4C ). It is not until 8 min after breaking through the membrane and excising the patch that CaMKII treatment increases channel conductance of the GluA1-C875S mutant to the same extent as WT channels (Fig. 4C ). In addition, the basal conductance of GluA1-C875S receptors, in the absence of CaMKII, at t = 0 is significantly lower than the basal conductance of WT GluA1 receptors (Fig. 4C) . Conductance measurements at each time point were normalized and plotted against time to illustrate the rate at which CaMKII enhances conductance of GluA1 and GluA1-C875S receptors. These data were fit to an exponential function of the form y = 1 -e (−time/τ) to measure the time constant τ of the CaMKII-mediated conductance increase. The time constant describing the conductance increase in WT channels of about 1 s is increased approximately sevenfold for the mutant channels (Fig. 4D) .
Endocytosis of AMPAR is regulated by nitrosylation of GluA1-C875. WT GluA1 receptors tagged with GFP expressed in neuronal cells undergo robust endocytosis upon stimulation
Total-GluA1
Total-GluA1 with 40 μM NMDA for 5 min (Fig. 5 A and B) . However, the NMDA-stimulated endocytosis is significantly reduced with the GluA1-C875S mutant ( Fig. 5 A and B) . To test the mechanism of action of NO in regulating endocytosis of GluA1, we performed binding studies using HEK-nNOS cells overexpressing GluA1 and endogenous AP2 protein of the endocytotic machinery. The binding between WT GluA1 and AP2 is increased by treatment with 100 μM AMPA for 10 min. Pretreatment with nNOS inhibitor reduces both basal and AMPA-stimulated binding between GluA1 and AP2. Similarly, expression of GluA1-C875S mutant reduces AMPA-stimulated binding of the mutant receptor to AP2. Furthermore, in neuronal cells, pretreatment with the nNOS inhibitor VNIO significantly reduces the AMPA-induced increase in binding between GluA1 and AP2 (Fig. 5) .
Discussion
In the present study, we demonstrate a signaling cascade that modulates both the augmentation of AMPAR conductance secondary to GluA1-S831 phosphorylation and endocytosis of the receptor. This signaling pathway may be important during synaptic plasticity. NMDAR neurotransmission increases intracellular calcium levels that stimulate nNOS to generate NO. The newly formed NO S-nitrosylates GluA1 at C875. This event facilitates phosphorylation of the receptor at S831, which in turn accelerates the increase in AMPAR conductance. Furthermore, the basal conductance of GluA1-C875S receptors also is significantly less than that of WT GluA1 receptors. Finally, neurotransmission regulates endocytosis of GluA1, which is regulated by increased binding of nitrosylated GluA1-C875 to AP2. Thus, the C875S mutation of GluA1 substantially slows the phosphorylation of S831, which consequently slows the CaMKII-associated increase in single-channel conductance, whereas it decreases the binding to AP2 and thereby reduces receptor endocytosis.
Increased conductance and surface expression of AMPARs in the synapse underlie LTP, the best-studied form of memory storage and learning at excitatory synapses. Posttranslational regulation of AMPARs through protein-protein interaction, phosphorylation, and palmitoylation has been widely described as an important mode of regulating AMPAR function [reviewed in Shepherd and Huganir (1)]. Although NO previously was implicated in diverse forms of synaptic plasticity, including LTP (8), mechanisms accounting for these effects have been obscure. Some of the currently proposed mechanisms ascribing a role for NO in synaptic plasticity involve regulation of AMPAR surface expression by NO. For instance, S-nitrosylation of NSF enhances binding to GluA2, thereby increasing surface expression of GluA2 (11) . Inhibition of the NO/cGMP cascade reduces GluA1 surface expression (22) . Stargazin, an AMPAR auxiliary protein that binds to a large fraction of different types of AMPAR subunits (24) and facilitates the phosphorylation-mediated increase in heteromeric GluA1/GluA2 receptor conductance (5), also enhances GluA1 surface expression when nitrosylated (13) . Postsynaptic density protein-95 (PSD-95), a scaffolding protein that regulates AMPAR clustering in the postsynaptic density, is reciprocally regulated by S-nitrosylation and palmitoylation (25) . However, none of these studies implicates NO in directly regulating AMPAR phosphorylation and single-channel conductance, or endocytosis. It is widely believed that NMDARstimulated calcium entry, activation of CaMKII, and subsequent phosphorylation of GluA1-S831 to increase channel conductance are important signals underlying early-phase LTP (1, 2, 5). Rapid endocytosis of AMPARs regulates their synaptic surface expression and therefore is critical in modulation of LTD, a form of synaptic plasticity (14) . The NMDAR-stimulated calcium influx critical for LTP (2) , and involved in AMPAR endocytosis (26) , also triggers S-nitrosylation of proteins as the result of activation of nNOS (7, 11, 13) . Our findings establish that AMPAR phosphorylation, conductance, and endocytosis are physiologically regulated by GluA1 S-nitrosylation at C875, and may be a mechanism by which NO regulates synaptic plasticity. The regulation of a prominent site of GluA1 phosphorylation by S-nitrosylation advances our fundamental understanding of the molecular features of GluA1 regulation, specifically the role of NO in regulating AMPAR function. Moreover, S-nitrosylation increasingly is appreciated as an important posttranslational modification of proteins. Regulation of a site of phosphorylation by nitrosylation of the same protein as observed for GluA1 in this study, and as shown earlier for eNOS (27) , might reflect a general mechanism that influences many diverse biological processes.
The current data, in conjunction with past data from our laboratory, reveal a complex picture wherein NO regulates AMPAR function by targeting stargazin, PSD-95, and GluA1. Under basal and mild conditions of NMDAR stimulation, NO facilitates stargazin-mediated effects on surface expression of AMPARs in cerebellar granule as well as neocortical neurons, whereas it promotes receptor phosphorylation of the site that increases conductance in neocortical neurons. These effects, along with the effect of NO in increasing phosphorylation-mediated singlechannel conductance of GluA1 in heterologous cells, suggest a role for NO in LTP. NO decreases palmitoylation of PSD-95 in hippocampal and cerebellar granule neurons, and decreases synaptic clustering of PSD-95 in cerebellar granule neurons under conditions of basal and robust stimulation of NMDARs. These effects might influence clustering of AMPARs under similar conditions. Also, NO promotes internalization of AMPARs under conditions that result in NMDAR-dependent endocytosis in hippocampal neurons, suggesting a role for NO in LTD.
Materials and Methods
Cell Culture. Experiments involving animals were approved by the Johns Hopkins University Animal Care and Use Committee (ACUC). HEK293 and HEKnNOS cells were cultured in DMEM with FBS (10% vol/vol), penicillin (200 U/mL), streptomycin (200 μg/mL), L-glutamine (2 mM), and tylosin (8 μg/mL) (SigmaAldrich). Dissociated neocortical neurons were prepared from embryonic day 18-19 mouse brains in neurobasal media with B27 supplement (Gibco, BRL). The neuronal cells were used for experiments between 7-14 d in vitro.
Plasmids and Transfections. The flip splice variant of the rat GluA1 cDNA was subcloned into the pRK5 vector and was used in all biochemical experiments. The single cysteine mutations of GluA1 (C811S, C825S, and C875S) were made using standard protocols for Pfu Turbo DNA polymerase (Stratagene). GluA1 plasmids were transfected into HEK cells by using Polyfect (Qiagen) following manufacturer's instructions. For all biochemical experiments, transfected cells were lysed within 24 h.
Antibodies and Reagents. Mouse monoclonal and rabbit polyclonal antiGluA1 antibody was prepared in the Huganir Laboratory. Rabbit anti-pS831-GluA1 was prepared in the Huganir Laboratory and also obtained from Millipore/Chemicon. Rabbit anti-pS845-GluA1 was prepared in the Huganir Laboratory. Mouse monoclonal anti-AP2 antibody was obtained from BD Transduction Laboratories. TTX, 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), bicuculline, and NMDA used in biochemical experiments were purchased from Tocris Bioscience. Cysteine-NO was prepared by treating equimolar amounts of sodium nitrite and L-cysteine hydrochloride. All other biochemical reagents were purchased as indicated or from Sigma-Aldrich.
Western Blot Analysis. Both neuronal cells and HEK cells were lysed in buffer containing 1% Triton X-100 along with proteinase and phosphatase inhibitors. Lysates were extracted for 1 h at 4°C followed by centrifugation at 16,000 × g in a microfuge. Protein was assayed from the resultant supernatant, and equal amounts of protein were mixed with Laemelli buffer and resolved using standard electrophoresis and Western blot methods. Total-GluA1
Ratio of phospho-GluA1-S831 to GluA1 Fig. 3 . In dissociated cultures of neocortical neurons, stimulation of NMDAR increases nitrosylation of GluA1, and the receptor-stimulated increase in phospho-S831-GluA1 is dependent on NO. (A, C, and E) Dissociated cultures of neocortical neurons obtained from WT or nNOS −/− animals in A were pretreated with 1 μM TTX and 20 μM CNQX for 30 min followed by 50 μM NMDA for 5 and 15 min, or in C and E were pretreated with 0.5 μM TTX and 1 μM strychnine for 30 min followed by 200 μM glycine and 20 μM bicuculline for 5 and 15 min. Lysates were analyzed by Western blot for phospho-S831-GluA1 and phospho-S845-GluA1 in A and phospho-S831-GluA1 alone in C, and by the biotin-switch assay for nitrosylated GluA1 in E. (B and D) Quantification of phospho-S831-GluA1 from experiments in A and C, respectively. Quantification of data is means ± SEM, P < 0.05. All Western blots show representative images of experiments performed at least three times.
Biotin Switch Assay. Whole-brain extracts were prepared by homogenizing snapfrozen brain tissue in lysis buffer (250 mM Hepes/1 mM EDTA/0.1 mM neocuproine, pH 7.7, with 1% Triton X-100, 200 μM deferoxamine, and proteinase inhibitors) using a Teflon-on-glass homogenizer, followed by passage through a 26-gauge needle and syringe ∼10 times. Lysates were extracted for about 15-30 min at 4°C, followed by centrifugation at 14,000 rpm in a microfuge. Cell extracts from cultured cells were prepared similarly but without using the homogenizer. Cell extracts were analyzed by the biotin-switch assay as described before with modifications (10). This assay is based on the selective reduction of nitrosylated cysteines of proteins using ascorbate, followed by capping of the reduced cysteine with a sulfhydryl reactive group that also contains a biotin tag. The biotinylated proteins then are enriched by affinity purification using streptavidin beads. In brief, extracts were treated with methyl methanethiosulfonate (0.1%) and SDS (2.5%) at 50°C for 20 min with constant agitation. Proteins were precipitated with acetone, and the precipitate was labeled with biotin-HPDP (N-[6-(Biotinamido)hexyl]-3′-(2′pyridyldithio)propionamide) (0.5 mM) (Soltec Ventures) with or without ascorbate (50 mM) for 90 min at room temperature. Proteins were reprecipitated with acetone, and the precipitate was either incubated with anti-GluA1 antibody for immunoprecipitation, followed by elution with the GluA1 epitope, or added directly to streptavidin beads (Pierce). The eluate from the immunoprecipitation was treated similarly with the streptavidin beads. The eluate from the streptavidin beads was separated by SDS/PAGE and analyzed by Western blotting.
Neuronal Culture and Immunostaining. Hippocampal neurons were dissected from embryonic day 19 (E19) Sprague-Dawley rat embryos, plated onto coated glass coverslips (30 μg/mL poly D-lysine and 2.5 μg/mL laminin), and cultured in Neurobasal Medium (Invitrogen) with B27 (Invitrogen), 0.5 mM glutamine, and 12.5 μM glutamate. Neurons were transfected after 18-19 d in vitro using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Fortyeight hours after transfection, neurons were left untreated or received 40 μM NMDA for 3 min in conditioned media before processing for immunostaining. Surface-expressing GFP-GluA1 WT or GFP-GluA1 C875S was labeled by incubating live neurons in artificial cerebrospinal fluid for 15 min at 4°C with rabbit anti-GFP antibodies (JH4030 antibody, raised against a GFP fusion protein). Neurons then were washed twice with ice-cold PBS and fixed with 4% paraformaldehyde and 4% sucrose in PBS (room temperature, 10 min). Total AMPAR overexpression was visualized by subsequent overnight labeling at 4°C with chicken anti-GFP antibodies (Abcam) in 1× GDB buffer (30 mM phosphate buffer, pH 7.4, containing 0.2% gelatin, 0.5% Triton X-100, and 0.8 M NaCl) at 4°C, followed by secondary antibodies for 2-4 h in 1× GDB buffer at room temperature.
Microscopy and Quantification. Fixed neurons were imaged with an LSM510 confocal microscope system (Zeiss). Confocal z-series image stacks encompassing entire dendrite segments were compressed into a single plane and analyzed using MetaMorph software (Universal Imaging). For integrated intensity quantification (i.e., average cluster intensity per unit area), different immunostained channels were parsed into separate images. Five dendritic segments of 50 μm collected from at least 20 neurons per condition were outlined, and a threshold level for each channel was set manually to exclude diffuse background staining, leaving only the puncta visible; the same threshold level was used for each neuron within an experiment. Statistical significance between samples was calculated using ANOVA.
Maintenance and Transfection of HEK Cells Used in Electrophysiology. All cell biology reagents were obtained from Gibco (Invitrogen). DMEM with GlutaMAX supplemented with 10% (vol/vol) FCS, 100 U/mL of penicillin, 100 μg/mL of streptomycin, and 8 μg/mL of tylosin was used to maintain HEK-nNOS cells. Cells were grown at 5% CO 2 , 95% O 2 at 37°C either on 60-mm polystyrene culture dishes or poly-D-lysine-coated (Millipore) 8-mm glass coverslips contained in 24-well tissue culture plates. Trypsin-EDTA (0.05%) was used to passage cells. Data were recorded on a HEKA EPC9 amplifier, and the current response was filtered at 5 kHz (−3 dB) and digitized at a sampling rate of 20 kHz. ChanneLab (Decatur, GA) (Synaptosoft Inc.) was used to perform stationary variance analysis of macroscopic currents, as previously described (28, 29) . Briefly, variance (
) may be related to the macroscopic (I) and unitary current (i) amplitude by
where N is the number of channels. Nonlinear least-squares fitting of this equation to the data was used to determine the unitary current and number of channels. The unitary current is a weighted mean average of all singlechannel conductance levels (29) . Chord conductance (γ NOISE ) was determined assuming a 0-mV reversal potential.
Statistical Methods Used in Electrophysiology. Results are expressed as mean ± SEM. Statistical analysis of time dependence was performed with a two-way ANOVA with multiple comparisons, where t = 0 represents a conductance measurement as quickly as could be measured after excising a patch. Tukey's post hoc test was used to determine time points at which conductance was significantly different in WT versus mutant GluA1 receptor. P < 0.05 was considered statistically significant. Power of all statistical tests was at least 0.8.
Statistical Methods Used in Biochemistry.
Results are expressed as mean ± SEM. Statistical analysis *P value of less than 0.05 was considered statistically significant.
A B C D Fig. 4 . The GluA1-C875S mutation slows the effect of CaMKII on AMPAR conductance. (A) Representative GluA1 receptor current trace from an outsideout membrane patch excised from a transiently transfected HEK cell. Nondesensitizing receptors allow for the slow wash of a maximally effective concentration of glutamate (1 mM) to produce a slowly changing current to which variance analysis can be applied. The gray trace above shows the recording after a 1-Hz high-pass filter, highlighting the relationship between channel-mediated noise and current amplitude during glutamate washout. (B) A representative current-variance relationship is shown for the patch in A. Nonlinear leastsquares fitting of these data to Eq. 1 (Materials and Methods) was used to determine γ MEAN for GluA1. (C) Conductance measurements were collected every 2 min after outside-out patch excision for both GluA1 WT receptors (□) and GluA1-C875S receptors (♦) in the presence of CaMKII. Both receptors also contain the nondesensitizing L497Y mutation. Open symbols at t = 0 indicate the basal conductance value of WT and mutant GluA1 receptors in the absence of CaMKII. **P < 0.001 *P < 0.05 by two-way ANOVA with Tukey's test. Conductance at t = 8 min was not significantly different between WT and GluA1-C875S receptors. (D) Conductance measurements at each time point were normalized as indicated on the y-axis and plotted against time to illustrate the rate at which CaMKII enhances conductance of GluA1 (□) and GluA1-C875S receptors (♦). The time constant, τ, of the CaMKII-mediated conductance increase was measured by fitting these data to an exponential function of the form y = 1 -e 
